Background: Pentavalent antimonials remain the choice of treatment for leishmaniasis, despite their toxicity, high cost, and difficult administration. As an alternative, morphine may induce the healing process of cutaneous leishmaniasis by its immunoregulatory characteristics.
Background
Leishmaniasis is a major world health problem, with an annual incidence of 1 -1.5 million cases (90% occurring in the old world, including southern Europe, the Middle East, parts of southwest Asia, and Africa) resulting in 70,000 deaths each year, with 350 million individuals at risk (1) . It is also endemic in some parts of Iran, and its prevalence has been reported to vary from 1.8% to 37.9% in different provinces of the country (2) (3) (4) . The most common type of the disease is cutaneous leishmaniasis (CL) which is caused by several species of Leishmania, especially L. major.
Pentavalent antimonials (sodium stibogluconate or meglumine antimoniate) are still the choice of treatment for leishmaniasis. These medications are widely used despite their toxicity, high cost, and difficult administration. Other treatment options include topical paromomycin (5), topical amphotericin B (6), oral miltefosine (7) , and additional immunomodulators, including topical imiquimod (8, 9) and human granulocyte macrophage colony-stimulation factor (GM-CSF) (10) , which have been shown to be effective in the treatment of CL (11, 12) . However, as CL is a health problem mostly in developing countries and therefore does not offer enough commercial motivation for pharmaceutical companies to develop cheaper effective anti-leishmaniasis medications, there is no effective drug or vaccine against it.
Opioids, including morphine, have been shown to have immunoregulatory effects through their receptor interactions with immune cells, and can thus be classified as part of the cytokine family (13) . Many investigations have demonstrated the effect of opioid treatment on antibody responses. It seems that the molecular basis for this effect is due to the modulation of cytokines and altered expression of cytokine receptors (13, 14) . Low doses of morphine, administered subcutaneously in L. donovaniinfected BALB/c mice or hamsters, significantly suppressed or even sterile-cleared the infection; paradoxically, high doses exacerbated the infection (15, 16) It can be hypothesized that morphine may induce the healing process of cutaneous leishmaniasis (18).
Objectives
Therefore, the aim of this study was to study the efficacy of topical morphine in the treatment of L. majorinfected BALB/c mice.
Materials and Methods

Materials
Pharmacological-grade morphine (Baxter Esilerderle Mfd. Healthcare Corporation, Cherry Hill, NJ, USA) was added to the ointment base in our laboratory. The ointment base consisted of cetomacrogol 1000, Vaseline, liquid paraffin, methylparaben, and propylparaben (SigmaAldrich, Prague, Czech Republic), cetostearyl alcohol, and water. Morphine was added to this ointment in 1.5 mg/mL doses. After completely cleaning the wounds with sterile normal saline, the ointment was topically applied to the wound area twice per day (16, 19) .
Animals
A total of 40 BALB/c mice (female, 6 -8 weeks old) were obtained from the Pasteur Institute of Iran in Tehran, each weighing 20 g at the time of infection. A regular rodent diet and tap water were supplied. The rats were maintained under controlled environmental conditions (12-hour light/dark cycle at 23°C). The mice were divided into four groups of 10 each. The first group received the parasite plus placebo for two months, while the second group simultaneously received parasite and morphine ointment twice daily for two months. The third group received the parasite, and after the occurrence of wounds (ulcers), the placebo was applied twice daily for eight weeks. The fourth group received the parasite, and after the occurrence of ulcer wounds, morphine ointment was applied twice daily for two months. The experiments were performed in accordance with the regulations specified by the institute's animal ethics committee, and conformed to national guidelines on the care and use of laboratory animals in Iran.
Parasites
Amastigotes of L. major (MHOM/IR/76/ER) were taken from previously infected BALB/c mice. The parasites were made into a final concentration of 10 3 -10 4 cell/mL, and 200 µL of this solution was used for each inoculation.
In Vivo Cutaneous Leishmaniasis
The mice were subcutaneously infected in the tail area (0.2 mL) with 10 3 -10 4 late-stage L. major MHOM/IR/76/ER amastigotes. Cutaneous lesions were measured weekly for eight weeks using analog rulers, and compared with the untreated controls to evaluate the therapy. Topical formulations were applied only to the lesions.
Statistical Analysis
All statistical analyses were performed using the statistical package for social sciences, version 15.0 (SPSS Inc., Chicago, IL, USA). The results are expressed as mean ± standard deviation. independent student's t-test was applied for comparisons between mean wound sizes. All tests were two-sided. A power of 0.8 was expected for the present study, and the level of significance was set at P < 0.05.
Results
Development of Cutaneous Leishmaniasis in BALB/c Mice
Over the 2 -3 weeks after inoculation of BALB/c mice with 10 3 -10 4 amastigotes of L. major (MHOM/IR/76/ER) into the base of the tail, nodules developed in groups 1, 3, and 4. Two weeks later (after four weeks of study), the nodules transformed into ulcers. At this stage, placebo or morphine ointment was applied to groups 3 and 4, respectively. Lesion diameter was measured weekly for 8 weeks. In all groups, the diameter of the lesions increased over time. On the first day of treatment, the lesions measured approximately 1.5 mm in diameter in all groups. During the eight weeks of evaluation of the lesions, their sizes differentiated. As Figure 1 shows, lesions in the animals treated with topical morphine after inoculation did not expand as much as in the other groups. The lesions treated with topical morphine after lesion presentation had smaller diameters compared to both placebo groups. The wound areas of the lesions treated with morphine ointment were smaller in size and did not ulcerate compared to the control groups. However, none of the lesions healed completely. The mean diameter of the lesions is illustrated in Figure 1 .
Comparison of Lesion Size Between Study Groups
The sizes of the lesions in the four study groups after eight weeks are shown in Table 1 . After eight weeks, the diameters increased to 8.9 mm and 4.8 mm, respectively, in the placebo and morphine groups that were treated after inoculation (P = 0.0001). Similarly, after eight weeks of evaluation, the sizes of the lesions treated after their presentation were significantly greater in the placebo group compared to the morphine group (10.8 ± 6.32 mm vs. 7.81 mm; P = 0.087). From the fifth week of the study, the lesion size became significantly smaller in both morphine groups (groups 2 and 4) compared to the controls (groups 1 and 3) ( Table 1 ).
Discussion
Few studies have been conducted on problems with topical treatments used for any form of leishmaniasis, although these treatments are commonly used for topical bacterial, viral, and fungal infections. Indications for topical treatment of CL include a lack of risk of developing mucosal lesions, old world CL, L. mexicana CL, small and single lesions, and absence of lymph node metastasis (20) . The present study attempted to develop a new topical treatment for CL by examining the simple question of whether topically-applied morphine accelerates the wound-healing process of CL lesions in mice. Previously, it was shown that opioids, including morphine, act as analgesics for pain relief in peripheral ulcers (21) . In addition, receptors of the opioid are present at the site of the wound and can even be activated (22) . Of relevance, opioids, such as morphine and β-endorphin, stimulate production of interleukin (IL)-6 in animal models (23, 24) , which would be suggestive for enhancing wound-healing. Previous studies revealed that the process of wound-healing is significantly delayed in IL-6-deficient transgenic mice (25) (26) (27) . Therefore, the faster healing observed in the present study of CL lesions with topical morphine application is consistent with all of the above effects of opioids on peripheral tissues. Wound closure was accelerated particularly in the first five weeks with morphine ointment. Therefore, the major effect of morphine in the present study was to shorten the lag phase during the wound-healing process. These results can have direct implications in the healing of CL lesions, which have a long lag phase in the initial healing process. It is likely that the topical morphine receptors mediate this process. Thus, the direct availability of opioids at the site of injury is probably required for the healing of CL lesions. Moreover, endogenous opioid receptor agonists via peripheral opioid receptors may be involved in the healing process.
Opioids have been applied topically for pain management and have not caused any side-effects, such as dependence and tolerance, when used peripherally at low doses (21) .
These experiments on BALB/c mice infected with L. major indicate that topical formulations of morphine delay the progression of these lesions. Several factors should be taken into account that can alter the efficacy of the medication. For example, the timing of the start of treatment can influence the outcome. In the present study, topical treatment was started at the time of parasite inoculation or after wound occurrence. After eight weeks of evaluation, treatment that was started immediately post-infection had a more significant effect on lesion progression compared to treatment started after wound occurrence (P = 0.028).
On the other hand, topical morphine administration after wound occurrence did not have any extra advantage in reducing lesion size compared to placebo administration at the time of parasite inoculation (P = 0.087). However, treatment with topical morphine after wound occurrence significantly delayed wound progression compared to the controls (P = 0.003). A previous study investigated the effect of subcutaneous administration of morphine on L. donovani lesions. Similar to our study, the results revealed that low doses of morphine can suppress the infection and increase the number of monocytes, while high doses exacerbate the infection in animal models. Previous investigations have shown different penetration levels of medications in human versus mouse skin (28, 29) . Consequently, an ointment formulation that has been optimized for an animal model will probably have different outcomes on human skin. Thus, it seems that human studies are needed in order to evaluate the effect of topical morphine on Leishmania lesions.
There were some limitations to our study. First, this was a preliminary study and lacked certain additional variables, including the parasite burden of the lesions or the drainage of lymph nodes, as well as pathologic evaluations of the lesions. Future studies should include these vari- ables in order to better determine the effects of morphine. Second, we did not measure cytokine levels, including IL-6. Measuring these will lead to a better understanding of the mechanism of action of topical morphine for CL treatment. Thirdly, we did not include a group of mice receiving conventional treatment, including topical paromomycin or topical imiquimod. It is likely that a combination of morphine with a substance active against leishmaniasis (such as 15% paromomycin plus 12% methylbenzethonium chloride) would give better results than each substance alone. Also, similar future research should be performed with larger sample sizes. Further investigations are needed in order to clarify the effectiveness of morphine on Leishmania lesions and its probable side effects, so that it can be applied in human studies.
Conclusions
The above data suggest that topical application of morphine may accelerate the healing of CL wounds. Therefore, we optimistically suggest that topical morphine can be used clinically for potentiating CL wound-healing. More studies, preferably on humans, should be performed in order to clarify the effects of topical morphine on the woundhealing process in CL.
